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A new method has been considered to investigate the scattering reactions with photons on fully 
ionized nuclei. To induce 7-nucleus collisions a free electron laser and a heavy ion synchrotron 
have been considered bringing them together. Main parameters of the collider (especially LHC and 
HERA for the acceleration of nuclei) have been estimated. Rough calculations have also been made 
for the cross sections of the excited nuclei production. Finally, some design problems involving the 
collider have been considered. 
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I. INTRODUCTION 



Linac-ring type ep and jp colliders have been proposed recently as the fourth way to reach energies in the TeV scale 
0. If future linear e + e~ colliders (or special e-linacs) are constructed near the proton rings of HERA (ep collider, 
Germany) and FNAL (pp collider, USA) or LHC (pp collider, CERN) under construction, a number of additional 
opportunities will arise. For example 

LHC©TESLA = LHCffiTESLA 

© TeV scale ep collider 
© TeV scale jp collider 

© Multi-TeV scale e — nucleus and 7 — nucleus colliders 
© FEL 7 — nucleus collider 




In this paper we deal with the last collider. As known, TESLA can operate as Free Electron Laser (FEL) in the X- 
ray region jH]]. Collision of the FEL beam with the bunch of nuclei may give a unique possibility to investigate "old" 
nuclear phenomena in rather unusual conditions. In fact, keV energy FEL photons will be seen as a "laser" beam in 
the MeV energy range in the rest frame of the nucleus. Earlier investigations on this subject involve bremsstrahhmg 
photons having continuous energy spectrum. Moreover, since the accelerated nuclei are fully ionized, the background 
which may be induced by the low-shell electrons will be eliminated. This option needs further investigations from 
both the accelerator and the nuclear physics point of view. 

In section II general considerations of the proposed collider have been presented. Luminosities of 7-nucleus collisions 
have been estimated in section III. Next, in order to illustrate the physics search capacity of the proposed machines 
two proceses have been given. Finally, some concluding remarks have been presented in section V. 



II. GENERAL CONSIDERATIONS 



The main elements of the proposed machine are illustrated in Fig.l. The 7-beam produced by the Free Electron 
Laser based on TESLA (or a special e-linac) collides with the nucleus beam from HERA or LHC. In the nucleus rest 
frame the energy of FEL photon is multiplied by the Lorentz factor 7^ of the nucleus (jn — 500 for HERA and 
7jv ^ 3000 for LHC). The FEL photon wavelength is given by 

where l u is the period length of an undulator, 7 e = E e /m e is the Lorentz factor of the electron (E e and m e being 
the energy and mass of the electron), k = eB u l u /2itm e is the undulator parameter in which e = V47ra (a being the 
fine structure constant) and B u is the peak value of the magnetic field in the undulator. For illustration, let us use 
the design parameters [[l0| of the TESLA Test Facility (TTF) FEL, which are presented in Table 1. The nucleus will 
"see" TTF FEL beam as photons with an energy of 96.5 keV at HERA and 579 keV at LHC. Last values may be 
adjusted by changing E e , B u , l u or 7^- With the nesessary adjustment the energy region can be made suitable for 
the investigation of the electromagnetic excitations of the nucleus. 

The excited nucleus will turn to the ground state at a distance I = 7jv x tn x c from the collision point, where 
tn is the lifetime of the excited state in the nucleus rest frame and c is the speed of light. As an example, for the 
4847.2 keV excitation of 208 Pb nucleus at LHC (which will be considered in section IV) I = 6xl0~ 5 m. Therefore, 
the detector should be placed close to the collision region. The 5 MeV energy photons emitted in the rest frame of 
the nucleus will be seen in the detector as high energy photons with energies up to 30 GeV. 



III. LUMINOSITY ESTIMATIONS 



In this section we present rough estimations of FEL 7 - nucleus luminosities for HERA and LHC based machines. 
Luminosity of the 7-nucleus collision is given by 

l = thlh^f, ( 2 ) 

S eff 
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where n 7 and n nuc are the number of photons and nuclei in the FEL and nucleus bunches, respectively, / = rib x f rep 
is the collision frequency (in which is the number of electron bunches per pulse and f rep is the repetition rate) and 
s e ff = Aira^- 1 t<J y^ ' ■ In the last expression cr's denote the size of the beam on the coordinate axis. and , on 
the other hand, are the values which arc obtained by choosing the bigger ones of the corresponding horizontal and 
vertical sizes of the FEL and the nucleus beams. 

Another parameter which is important in the detector design is the luminosity per collision which is given by 

L = Ihl^l. ( 3 ) 

S eff 

Of course, the bunch structure of linac pulses should be chosen in accordance with the structure of the nucleus beam. 

In the estimations given below we have used HERA 12 C and LHC 208 Pb beam parameters ||, which are presented 
in Table 2. Substituting the corresponding values from Tables 1 and 2 into Eqs. (2) and (3) luminosity values given 
in Table 3 have been obtained. The values L = 5 x lO^cm - ^ -1 for HERA ( 12 C) and L = lO^cm^s' 1 for LHC 
( 208 P6) based FEL 7 - nucleus colliders seems to be quite realistic estimations. 



IV. PROCESS EXAMPLES 

The cross section for the resonant photon scattering is given by the well-known Breit-Wigner formula: 

/ '% _ _7T iJexc + 1 B in B out T 2 

^7,7 J -^2 x 2x (2J + 1) X (E-E R f+T 2 /A [ ) 

where E is the cm. energy of the incoming photon (in our case it is very close to that in the rest frame of the nucleus), 
Jexc and Jo are spins of the excited and ground states of the nucleus, E>i n and B out are the branching fractions of the 
excited nucleus into the entrance and exit channels, respectively, Er is the energy at the resonance and T is the total 
width of the excited nucleus. The number of the scattering events from the nuclei of 12 C and 208 Pb have roughly been 
calculated below taking their excited states of 4438 keV (ll]] and 4842.2 keV [Q Jl|, respectively. One can easily 
obtain corresponding values for other excitations and other nuclei using appropriate informations from ||l4j| . 

A. E = 4438 KeV Excitation of 12 C at FEL 7 - HERA 

In this case FEL photons with oj n — 8876 eV arc needed. According to Eq. (1) this corresponds to E e = 6.78 GeV if 
other parameters of the undulator are fixed. Using the values of J exc = 2, J = 0, T ~ 10.8 x 10~ 3 eV, B in = B out = 1, 
the resonant scattering cross-section has been obtained by Eq. (4) as 

a res ~ 6.2 x KT 22 cto 2 . (5) 

Taking into account the energy spread of FEL and the nucleus beams (IS.E 1 /E 1 — Aw/ojo = 1CP 3 and AEc/Ec — 
10~ 4 ), the approximate value of averaged cross-section has been found to be 

r 



AE 7 



1.5 x 10"^ cm 2 (6) 



where AE 7 = 4438 eV. This value corresponds to 6.4xlO y events per day for L = 5 x 10 31 cm 2 s 1 . 

B. E = 4842.2 KeV Excitation of 208 Pb at FEL 7 - LHC 

In this case luq = 1616 eV and E e — 2.89 GeV. Substituting J exc = 1, Jq = 0, T ~ 5 eV and Bi n — B out = 1 into 
Eq. (4) the resonant cross-section has been estimated as 

a res ~ 3.1 x l(T 22 cm 2 (7) 

and, consequently, with the same energy spreads given above, the average cross-section as 

a av ~ 0.3 x 10~ 24 cm 2 

which corresponds to 2.5xl0 10 events per day for L = 10 30 cr7i _2 s _1 . 
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V. CONCLUSION 



In this study a new method has been presented to investigate the nuclear excitations. Although the quantitative 
description was given for only two nuclei it can easily be extended for others too. The method has the advantage that 
the accelerated ionized nuclei see the keV energy FEL photons as a laser beam in the McV energy range. In principle, 
FEL 7 beam can be obtained from existing HERA and LEP ring electron beams, too. This option will be considered 
elsewhere. 

For future investigations the determination of the following nuclear quantities might be promising: scattering 
cross-sections, spins and parity assignments of the excited states. 
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Table 1. TTF FEL parameters 



Electron beam energy E e , GeV 


1 


Number of electrons per bunch n e , 10 iu 


0.624 


Pulse length, /is 


1000 


Number of bunches per pulse n& 


7200 


Repetition rate, Hz 


10 


Fenod length ot an undulator l u , mm 


27.3 


Peak field in the undulator B u , T 


U.4y I 


Undulator parameter k 


1.3 


Photon wavelength A, nm 


6.4 


Photon energy lo , eV 


193 


Number of photons per bunch n 7 , 10 ia 


4 


Energy spread of photons Aw/wo, 10~ a 


1 


rms beam size cr x ,y, fim 


50 



Table 2. Parameters of nucleus beams 





l ' l C at HERA 


' m Pb at LHC 


Maximum beam energy, TeV 


4.9 


574 


Particles per bunch n nuc , 10 8 


80 


0.94 


Normalized emittance e N , mm x mrad 


1.25 


1.4 


Amplitude function at IP /?*, cm 


20 


20 


rms beam size at IP cr x ,y, Mm 


22 


9.7 


Bunch spacing, ns 


192 


100 


Number of bunches in FEL pulse nt 


5208 


10000 



Table 3. Luminosities of FEL 7 - nucleus collisions 





HERA 12 C 


LHC a,8 Pfe 


Luminosity L, cm 2 s 1 


53 


1.1 


Luminosity per collision Lo, 10 /D cmT 1 


7.2 


0.17 



•5 




Photons 



Fig.1 : General schematic view of the proposed design 



